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.H\ZRUGV 8+3)5&8+3&ILEHUFRQWHQWGHIRUPDEOHSURMHFWLOHLPSDFWORDGLQJ
,QWURGXFWLRQ
&XUUHQWZRUOGHYHQWVFOHDUO\VKRZHGWKDWWKHQHHGWRSURWHFWJRYHUQPHQWDQGPLOLWDU\VWUXFWXUHVIURPLPSURYLVHG
H[SORVLYHGHYLFHVRUGLUHFWDUPHGDWWDFNKDVQHYHUEHHQJUHDWHU7KHPRVWHIIHFWLYHSDVVLYHSURWHFWLRQLVVXIILFLHQW
VWDQGRII GLVWDQFH IROORZHG E\ WKH PDWHULDO ZKLFK FDQ SRVVHVV JUHDW UHVLVWDQFH WR LPSDFW ORDGLQJ $V IRUPHU
SURYLVLRQFDQQRWEHIXOILOOHGDWDOOVLWHVODWHUSURYLVLRQFDQEHSURYLGHGE\QHZKLWHFKPDWHULDOVVXFKDVXOWUDKLJK
SHUIRUPDQFH ILEHU UHLQIRUFHGFRQFUHWH 8+3)5&8+3)5&KDVRXWVWDQGLQJPDWHULDOFKDUDFWHULVWLFVVXFKDV VHOI
FRQVROLGDWLQJ ZRUNDELOLW\ YHU\ KLJK PHFKDQLFDO SURSHUWLHV DQG ORZ SHUPHDELOLW\ ZKLFK UHVXOWV LQ H[FHOOHQW
HQYLURQPHQWDO UHVLVWDQFH>@,QDGGLWLRQ8+3)5&FDQVLJQLILFDQWO\ LPSURYH LPSDFW UHVLVWDQFHRIFODGGLQJSDQHOV
DQGZDOOVZKLOHPDLQWDLQLQJLWVVWDQGDUGWKLFNQHVVHVDQGDSSHDUDQFH>@7RSUHYHQWVWUXFWXUDOFROODSVHSHUIRUDWLRQ
RIWKHSURMHFWLOHDQGFRQVHTXHQWLDOSHRSOH¶VLQMXULHVEXLOGLQJRIVWUDWHJLFLPSRUWDQFHPXVWSRVVHVVDPXFKJUHDWHU
UHVLVWDQFHWRLPSDFWORDGLQJ,WLVZHOONQRZQWKDWFRQYHQWLRQDOILEHUUHLQIRUFHGFRQFUHWH)5&KDVJRRGFDSDFLW\WR
DEVRUELPSDFWHQHUJ\>@+RZHYHUVHYHUDODXWKRUVVXJJHVWHGWKDW8+3)5&KDVPXFKJUHDWHUFDSDELOLW\WRDEVRUE
HQHUJ\>@DQGVPDOOHUWHQGHQF\WRVSDOOLQJDQGVFDEELQJXQGHULPSDFWORDGLQJ
5HVHDUFKVLJQLILFDQFH
7KLVSDSHUFRQWULEXWHVWRWKHGHYHORSPHQWRI8+3)5&DQGLWVDSSOLFDWLRQLQWKHILHOGZKHUHKLJKLPSDFWHQHUJ\
DEVRUSWLRQ FDSDFLW\ LV UHTXLUHG 5HVHDUFK GHVFULEHG LQ WKLV VWXG\ LV IRFXVHG RQ WKH XWLOL]DWLRQ RI WKH YHU\ ILQH
DJJUHJDWHRIPD[LPDOGLDPHWHUVL]HHTXDOWRPPYHU\KLJKELQGHUFRQWHQWNJPDQGORZZDWHUWRELQGHU
UDWLR7KLVPD\UHVXOWVLQWKHKLJKO\UHVLVWDQWFRQFUHWHHOHPHQWVDVFODGGLQJSDQHOVDQGZDOOVZKLOHPDLQWDLQLQJLWV
VOHQGHUGHVLJQZKLFKGRQRWLQGXFHWKHQHHGIRUELJJHUZHDSRQV3URMHFWLOHVXVHGLQWKLVVWXG\DUHFKRVHQLQRUGHUWR
VLPXODWH KLJKVSHHG ORZZHLJKW SURMHFWLOHVZKLFK FRXOGEH IRUPHGE\ WKH LQGXVWULDO DFFLGHQWV RU DV DQH[SORVLRQ
JHQHUDWHGIUDJPHQWV
0DWHULDOV
7KH 8+3)5& PL[WXUH ZDV GHYHORSHG IURP WKH FRPPRQO\ DYDLODEOH FRPSRQHQWV ZLWKRXW XVLQJ DQ\ VSHFLDO
FXULQJVXFKDVKHDWRUSUHVVXUH,QDGGLWLRQWKHPL[WXUHZDVGHYHORSHGXVLQJVWDQGDUGODERUDWRU\HTXLSPHQWVXFKDV
IRRGW\SH DQG KRUL]RQWDOSDQPL[HUV+LJKVWUHQJWK VWUDLJKW ILEHUV 03DZHUH XVHG WR FRQVWUXFW 8+3)5&
VODEV)LEHUVZHUHPPORQJZLWKGLDPHWHURIPPZKLFKGHWHUPLQHVWKHDVSHFWUDWLROGWREH8+3)5&
VODEVZHUHWHVWHGRQGHIRUPDEOHSURMHFWLOHLPSDFWLQRUGHUWRILQGDQRSWLPDO ILEHUFRQWHQW,QWKLVZD\VODEVZLWK
GLIIHUHQW ILEHU FRQWHQW ZHUH FRQVWUXFWHG LQFOXGLQJ  8+3&  8+3)5&  8+3)5& DQG 
8+3)5&RIILEHUFRQWHQW7DEOH5HVSRQVHW\SHFUDWHUGLDPHWHUDQGSHQHWUDWLRQGHSWKZHUHWKHPDLQIDFWRUV
RIGDPDJHDVVHVVPHQW
7DEOH0HFKDQLFDOSURSHUWLHVRIWKHPL[WXUHVXVHGLQWKLVVWXG\
 8+3& 8+3)5& 8+3)5& 8+3)5& 16& )5&
)LEHUFRQWHQW>@      
&RPSUHVVLYHVWUHQJWK>03D@      
0RGXOXVRIHODVWLFLW\>*3D@      
'LUHFWWHQVLOHVWUHQJWK>03D@      
)OH[XUDOVWUHQJWK>03D@      
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
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,Q DGGLWLRQ VODEV PDGH RI 1RUPDO 6WUHQJWK &RQFUHWH 16& DQG )LEHU 5HLQIRUFHG &RQFUHWH )5& ZHUH
VXEMHFWHGWRWKHGHIRUPDEOHSURMHFWLOHLPSDFWDVZHOO)5&VODEVZHUHFRQVWUXFWHGXVLQJPD[LPDODJJUHJDWHVL]HRI
PPDQGKLJK WHQVLOH 03DVWHHO ILEHUV WKDWZHUHPPORQJZLWKDVSHFW UDWLRHTXDO WR)LEHUVXVHGIRU
)5&PL[WXUHKDGKRRNHGHQGVWKDWDUHJHQHUDOO\FRQVLGHUHGDVEHVWIRUPRIDQFKRUDJH 7KHILEHUFRQWHQWLQ)5&
ZDV GHVLJQHG WR EH  DV WKH EHVW UDQJH RI VWHHO ILEHUV ZLWK KRRNHG HQGV OLHV EHWZHHQ  DQG  E\
YROXPH>@%DVLFPHFKDQLFDOSURSHUWLHVRIWKHPL[WXUHVXVHGLQWKLVVWXG\DUHOLVWHGLQ7DEOH
&RPSUHVVLYHVWUHQJWKDQGPRGXOXVRIHODVWLFLW\ZHUHWHVWHGRQF\OLQGHUVZLWKKHLJKWRIPPDQGGLDPHWHURI
PP)OH[XUDOVWUHQJWKDQGFRUUHVSRQGLQJPLGVSDQGHIOHFWLRQZDVGHWHUPLQHGRQSULVPV[[PPLQ
WKUHHSRLQWEHQGLQJFRQILJXUDWLRQ'LUHFWWHQVLOHVWUHQJWKZDVWHVWHGRQGRJERQHVKDSHGVSHFLPHQZKHUHWKHFURVV
VHFWLRQRIWKHQDUURZSDUWZDVîPP'HWDLOGHVFULSWLRQRIWHVWLQJDQGGHYHORSPHQWRIWKH8+3)5&PL[WXUH
XVHGLQWKLVVWXG\LVGHVFULEHGLQ>@DQG>@
3URMHFWLOHLPSDFW
5HVLVWDQFHWRLPSDFWORDGLQJZDVSHUIRUPHGRQUHFWDQJXODUVODEVZLWKGLPHQVLRQVîPPDQGWKLFNQHVVRI
PP $V WKH SUHVHQFH RI UHLQIRUFLQJ EDUV KDV QHJOLJLEOH HIIHFW RQ SHUIRUDWLRQ UHVLVWDQFH RI WKH VODEV >@ QR
UHLQIRUFLQJEDUVZHUHXWLOL]HGWRFRQVWUXFWWKHVSHFLPHQV,PSDFWZDVVLPXODWHGDVDKLWRIGHIRUPDEOHRJLYHQRVH
SURMHFWLOH 'LVWDQFH WR WKH VODE ZDV PHWHUV DQG PX]]OH YHORFLW\ ZDV PHDVXUHG ZLWK D VKRRWLQJ FKURQRJUDSK
ORFDWHGDSSUR[LPDWHO\PHWHUVIURPWKHJXQPX]]OH)LJD7KHZHLJKWRIWKHSURMHFWLOHZDVJUDLQVJ
)LJE7KHDYHUDJHPX]]OHYHORFLW\ZDVPVZLWK WKHDYHUDJH LPSDFWHQHUJ\RI- ,Q WRWDO VODEV
ZHUHWHVWHGIRULPSDFWORDGLQJ
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D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EGHIRUPDEOHSURMHFWLOH
5HVXOWVDQGGLVFXVVLRQ
7KH UHVXOWV RI WKH LPSDFW WHVWV LQFOXGLQJ UHVSRQVH W\SH FUDWHU GLDPHWHU SHQHWUDWLRQ GHSWK DQG PDVV ORVV DUH
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5HVSRQVH W\SH ZDV FODVVLILHG LQ DFFRUGDQFH ZLWK WKH FRQYHQWLRQ XVHG LQ 9RVVRXJKL >@ DV SHUIRUDWHG  3 WKH
SURMHFWLOHSDVVHG WKURXJK WKH VSHFLPHQHQWLUHO\SHUIRUDWLRQ OLPLW 3/SURMHFWLOHZDVVWXFNSHUIRUDWHGDQG WKHQ
ERXQFHG  3% WKH SURMHFWLOH ZHQW WKURXJK WKH VODE DQG WKHQ ERXQFHG EDFN DQG XQSHUIRUDWHG  83 SDQHO ZDV
SXQFKHGEXWWKHSURMHFWLOHERXQFHGEDFN3URMHFWLOHSDVVHGWKURXJKWKHVODEHQWLUHO\LQFDVHRISODLQ8+3&16&
DQG)5&ZKHUHDVDOO8+3)5&VODEVUHPDLQHGXQSHUIRUDWHG
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7DEOH5HVSRQVHRIPPWKLFNVODEVWRLPSDFWORDGLQJ
 8+3& 8+3)5& 8+3)5& 8+3)5& 16& )5&
)LEHUFRQWHQW>@      
5HVSRQVHW\SH 3 83 83 83 3 3
&UDWHUGLDPHWHU>PP@      
3HQHWUDWLRQGHSWK>PP@      
0DVVORVV>J@      
3HUIRUDWLRQWKURXJKWKHVODERFFXUUHGLQWKHFDVHRI8+3&VSHFLPHQZLWKRXWILEHUVIRUPLQJVHYHUDOPDFURFUDFNV
ZKLFKVSOLWWKHVODELQWRSLHFHV,QFDVHRI8+3)5&VODEVZHUHQRWSHUIRUDWHGDQGWKHSURMHFWLOHERXQFHGEDFN7KH
DYHUDJHSHQHWUDWLRQGHSWKZDVUHGXFHGIURPPPWRPPDQGPPIRU8+3)5&VODEVDVWKHFRQWHQWRI
ILEHUV LQFUHDVHG IURP  WR  DQG  UHVSHFWLYHO\ 7KHUHIRUH LW LV HYLGHQW WKDW LQFUHDVLQJ WKH ILEHU FRQWHQW
EH\RQGKDVRQO\PLQRUHIIHFWRQSHQHWUDWLRQGHSWK7KHFUDWHUGLDPHWHUV LQ8+3)5&PL[WXUHVZHUH
VPDOOHUWKDQWKRVHLQSODLQ8+3&PL[WXUHVLHRIILEHUV7KHUHVXOWVVKRZHGWKDWWKHLPSOHPHQWDWLRQRIILEHUV
UHGXFHG WKHFUDWHUGLDPHWHUVLJQLILFDQWO\KRZHYHU LQFUHDVHRI ILEHUFRQWHQWEH\RQGE\YROXPHKDGQRIXUWKHU
HIIHFWRQFUDWHUGLDPHWHU
16& VSHFLPHQZDV SHUIRUDWHG HQWLUHO\ DQG LQ DGGLWLRQ YHUWLFDOPDFURFUDFN SURSDJDWHG WKURXJK WKH VSHFLPHQ
VSOLWWLQJ WKH VODE LQWR WZR SLHFHV )5& ZDV SHUIRUDWHG HQWLUHO\ DV ZHOO KRZHYHU VSHFLPHQ UHPDLQHG XQEURNHQ
SHUIRUPLQJURXJKO\KDOIPDVVORVVFRPSDUHGWR16&
&RQFOXVLRQVDQGIXUWKHURXWORRN
7KHH[SHULPHQWDOUHVXOWVUHYHDOHGWKDWWKH8+3&VODEVDUHPXFKPRUHIUDJLOHWKDQWKHLU16&FRXQWHUSDUWVGXHWR
WKHLUKLJKHUFRPSUHVVLYHVWUHQJWK0DFURFUDFNVSURSDJDWHGWKURXJKWKH8+3&VSHFLPHQXQGHUWKHSURMHFWLOHLPSDFW
ZKLFKFDXVHGWKDWWKHVODEVSOLWLQWRVHYHUDOSLHFHV
$GGLWLRQRIKLJKVWUHQJWKVWHHOILEHUVWRWKHPL[WXUHHQKDQFHGWKHLPSDFWEHKDYLRULQWHUPVRISHQHWUDWLRQGHSWK
FRPSDUHGWRWKHLUSODLQFRQFUHWHFRXQWHUSDUWV+RZHYHUDQ\IXUWKHULQFUHDVHRIWKHILEHUFRQWHQWEH\RQGKDGQR
VLJQLILFDQWHIIHFWRQSHQHWUDWLRQGHSWKRIWKHSURMHFWLOH
8+3)5& VODEV WHQG WR GHFUHDVH WKH FUDWHU GLDPHWHUV E\  WR  WKDQ WKHLU SODLQ 8+3& FRXQWHUSDUWV
1HYHUWKHOHVVIXUWKHULQFUHDVHRIILEHUFRQWHQWEH\RQGKDGQRHIIHFWRQUHGXFLQJWKHFUDWHUGLDPHWHUDVGLDPHWHU
RIWKHFUDWHUWHQGVWRUHPDLQFRQVWDQWZLWKLQDQGRIILEHUFRQWHQW
%DVHGRQ WKHSUHYLRXV UHVXOWV LWZDV IRXQG WKDW WKH DGGLWLRQRI KLJKVWUHQJWK ILEHUV HQKDQFHG WKH UHVLVWDQFH WR
LPSDFWORDGLQJ,WZDVDOVRIRXQGWKDWWKHRSWLPDODPRXQWRIILEHUFRQWHQWZLWKUHVSHFWWRWKHPHFKDQLFDOSURSHUWLHV
DQGUHVLVWDQFHWRGHIRUPDEOHSURMHFWLOHLPSDFWOLHVDURXQGE\YROXPH
,WZDVYHULILHGWKDW8+3)5&KDVPXFKJUHDWHUUHVLVWDQFHWRLPSDFWORDGLQJFRPSDUHGWRFRQYHQWLRQDO)5&DOVR
LQWHUPVRIVSDOOLQJDQGVFDEELQJ7KHEDFNVLGHRIWKH8+3)5&VODEVUHPDLQHGFRPSDFWZKLFKGHFUHDVHGWKHPDVV
ORVV VLJQLILFDQWO\ 7KXV LPSOHPHQWDWLRQ RI 8+3)5& PD\ UHVXOW LQ KLJKO\ UHVLVWDQW FRQFUHWH HOHPHQWV VXFK DV
FODGGLQJ SDQHOV DQG ZDOOV LQ PRGHUQ SURWHFWLYH VWUXFWXUHV ZKLOH PDLQWDLQLQJ LWV VWDQGDUG WKLFNQHVVHV DQG
DSSHDUDQFH

)XUWKHUUHILQHPHQWRIILEHUFRQWHQWWRDQGLVQHHGHGWRSUHFLVHWKHRSWLPDOILEHUFRQWHQWZLWK
UHVSHFW WR LPSDFW ORDGLQJ $VVHVVPHQW RI WKH UHVLGXDO HQHUJ\ RI WKH SURMHFWLOH DIWHU QRQGHIRUPDEOH SURMHFWLOH
SHUIRUDWLRQWKURXJKWKHXOWUDWKLQPP8+3)5&VODELVDOVRGHVLUDEOH
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$FNQRZOHGJHPHQWV
7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHVXSSRUWSURYLGHGE\WKH0LQLVWU\RI(GXFDWLRQ<RXWKDQG6SRUWVXQGHU
WKHELODWHUDOSURMHFWQXPEHU/+%HKDYLRXURI+LJK3HUIRUPDQFH)LEUH5HLQIRUFHG&HPHQWLWLRXV&RPSRVLWHV
6XEMHFWHG WR([WUHPH/RDGLQJ7KHDXWKRUVZRXOG OLNH WRDFNQRZOHGJH WKHDVVLVWDQFHRI WKH WHFKQLFDOVWDIIRI WKH
([SHULPHQWDO&HQWUHDWWKH&78LQ3UDJXHDQGVWXGHQWVZKRSDUWLFLSDWHGRQWKHSURMHFW
5HIHUHQFHV
>@%$*UD\EHDO&RPSUHVVLYHEHKDYLRURIXOWUDKLJKSHUIRUPDQFHILEHUUHLQIRUFHGFRQFUHWH$&,0DWHU-S
>@20LOORQ:5LHGHO&0D\UKRIHU.7KRPD)LEHUUHLQIRUFHGXOWUDKLJKSHUIRUPDQFHFRQFUHWH±DPDWHULDOZLWKSRWHQWLDOIRUSURWHFWLYH
VWUXFWXUHV3URFHHGLQJVRIWKH)LUVW,QWHUQDWLRQDO&RQIHUHQFHRI3URWHFWLYH6WUXFWXUHV0DQFKHVWHUSQR
>@1:DQJ60LQGHVV..R)LEUHUHLQIRUFHGFRQFUHWHEHDPVXQGHULPSDFWORDGLQJ&HP&RQFU5HVS
>@.+DEHO3*DXYUHDX5HVSRQVHRIXOWUDKLJKSHUIRUPDQFHILEHUUHLQIRUFHGFRQFUHWH8+3)5&WRLPSDFWDQGVWDWLFORDGLQJ&HPHQWDQG
&RQFUHWH&RPSRVLWHVS
>@9%LQGLJDQDYLOH1%DQWKLD%$DUXS,PSDFWUHVSRQVHRIXOWUDKLJKVWUHQJWKILEHUUHLQIRUFHGFHPHQWFRPSRVLWH$&,0DWHU-
>@<)DUQDP60RKDPPDGL06KHNDUFKL([SHULPHQWDODQGQXPHULFDOLQYHVWLJDWLRQVRIORZYHORFLW\LPSDFWEHKDYLRURIKLJKSHUIRUPDQFH
ILEHUUHLQIRUFHGFHPHQWEDVHGFRPSRVLWH,QW-,PSDFW(QJS
>@00DDOHM 674XHN - =KDQJ%HKDYLRU RI K\EULGILEHU HQJLQHHUHG FHPHQWLWLRXV FRPSRVLWHV VXEMHFWHG WRG\QDPLF WHQVLOH ORDGLQJ DQG
SURMHFWLOHLPSDFW-0DWHU&LY(QJS
>@30iFD56RYMiN3.RQYDOLQND0L[WXUH'HVLJQDQG7HVWLQJRI8OWUD+LJK3HUIRUPDQFH)LEHU5HLQIRUFHG&RQFUHWH0DOD\VLDQ-RXUQDO
RI&LYLO(QJLQHHULQJ6SHFLDO,VVXHS
>@30DFD -=DWORXNDO3.RQYDOLQND'HYHORSPHQWRI8OWUD+LJK3HUIRUPDQFH)LEHU5HLQIRUFHG&RQFUHWHPL[WXUH ,(((6\PSRVLXPRQ
%XVLQHVV(QJLQHHULQJDQG,QGXVWULDO$SSOLFDWLRQV,6%(,$,(((S
>@ 6 +DQFKDN0 )RUUHVWDO ( <RXQJ - (KUJRWW 3HUIRUDWLRQ RI FRQFUHWH VODEV ZLWK 03D  NVL DQG 03D  NVL XQFRQILQHG
FRPSUHVVLYHVWUHQJWKV,QW-,PSDFW(QJS
>@)9RVVRXJKL&32VWHUWDJ3-00RQWHLUR*&-RKQVRQ5HVLVWDQFHRIFRQFUHWHSURWHFWHGE\IDEULFWRSURMHFWLOHLPSDFW&HP&RQFU
5HVS

$SSHQGL[$3LFWXUHVRIWKHGDPDJH
)LJXUHVSUHVHQWHGKHUHLQGHSLFW W\SLFDOSRVWWHVWVGDPDJHRIWKHIURQWDQGEDFNVLGHRIWKH16&)5&8+3&DQG
8+3)5&VODEVUHVSHFWLYHO\&RQFUHWHVODEVZHUHSODFHGLQWKHVSHFLDOIL[WXUHGHYHORSHGIRUWKHSXUSRVHRIWKLV
VWXG\ LQ RUGHU WR SUHYHQWPRYHPHQW RI WKH VSHFLPHQGXULQJ LPSDFW ORDGLQJ7KH IL[WXUHZDV SURYLGHGZLWK IRXU
VFUHZV ORFDWHG LQ WKH FRUQHU RI WKH VSHFLPHQ DSSUR[LPDWHO\  PP IURP WKH HGJHV LQ RUGHU WR VLPXODWH SRLQW
VXSSRUWV


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)LJ3LFWXUHVRIGDPDJHDEFGHIJK
16&± IURQWVLGH 16&± EDFN VLGH
)5&± IURQWVLGH )5&± EDFN VLGH
8+3&± IURQWVLGH 8+3&± EDFN VLGH
8+3)5&± IURQWVLGH 8+3)5&± EDFN VLGH
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